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1.1 Chromium-catalyzed oxidation
As a typical transition metal, chromium has the ground state electronic

configuration 1522522p63sz3p63d54s'. Chromium compounds exist in an unusually large



number of oxidation states (0 to +VI). The most common oxidation states of chromium in
inorganic compounds are +II, +I11, and +VI. Complexes of divalent chromium are usually
strongly reducing and are often prone to air oxidation. The most stable oxidation state of
the element is +III and the largest amount of its coordination compounds exist in this
state. Chromium (IV) and chromium(V) species are, however, important in
chromium(VI) induced oxidations, since they always occur as the intermediates. In its

highest oxidation state (+VI) chromi ms compounds which are all oxo compounds,

but the number of complexes ‘epres enting/1sfather limited. Chromium oxidations have
been widely explored and,aré still of intefest*die to the wide variety of oxidizable
functions by the proper chgigesof reagents. ~Aarge number of chromium reagents and

\ \\\ cthods imply either the use of
sof ¢h ea .

gents. In addition, the metallic

procedures have been 4
stoichiometric quantitie
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The Cr(CO)s, chr,grﬂm hexacarbonyl complexes have been used as chromium(0)
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In addition, the presence of a secondary hydroxy functional group, this catalytic system

selectively oxidizes an allylic methylene group 3 into a, B-unsaturated kenone in
moderate yield (eq 2) [2,3].

OH OH

Cr(CO)g (0.25 equiv)
4. eq2
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The benzylic oxidation of eftrafié.des atiy

as also been oxidized to corresponding

ketone 8 in moderate yield usingthis cataly in acetonitrile (eq 4) [4].
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A possille mechanism for thp oxidation of alkanes by C)‘SO)JT BHP has not
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The initial step involve§ thé cg ....y , Pwith Cr(CO)g. In the complex, an
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intraspheric oxidation of @° ifito i erCrs “igompo ,\ akes place, which is then the active

atkyl peroxychromate spegi€s Az The : the alkane by A yields the Cr'v
compound B; moreover, A is then m B mediated by TBHP.
1.2.2 Cr(CO)s(d .
This complex been used as catalyst for benz .rla oxidation with TBHP but its
oxochromium is much leﬁ&lectivity than Gg(CO)s [4].
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1.3 Chromlumﬁll) as catalyst

ﬂ aﬁlmm % tarting catalysts.
These xes have been associated wit oxygen gave oxochromium (IV) which

showed to be effective oxidizing agents [1].

1.3.1 Tris (acetylacetonato), chromium Cr(acac);
The first use of tris(acetylacetonato)chromium as a catalyst for epoxidation of

alkenes by TBHP [5]. The reactions resulted in regio- and stereospecific epoxides with



good yields at room temperature and low catalyst concentrations in the absence of
oxygen (eqs 5-7). |
Cr(acac)z
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10 28-100 % eqs
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The enantiospecificity and hig dations imply a heterolytic concerted

mechanism. The initial step i ation between the metal catalyst and

TBHP [5,6] which giyeS rise to_a peroxo-metal complex-Complexes of metals in low
VT )

oxidation states are rap 5.&' o-their highest oxidation state.
l |I

The olefin coordinates : the metal on a position adjaces i to the peroxo llgand The
olefin-metal mter ?j e Lg base assocnatlon since Cr"' has no d
electrons availa ﬁ ﬁ\ﬁgﬁ %52% erefore is expected to
lose its nucleophnm nature upon coordination and ome an electrwmc dipolarophile.
o e 01 T B
0,” group'to the olefin. The resulting five-membered peroxo-metallocyclic intermediate

15 then decomposes by 1,3-dipolar cycloreversion to produce the epoxide and an oxo-

metal complex presented in Scheme 1.2.



Scheme 1.2

This mechanism' is €« ‘. *\§\\:\

occurs in most transitionfmetal catglyz=d €ransfo mations of olefins. In intramolecular

0-chromium complex

angement (cis-insertion) which

rate-determining step is generally the

coordination of the olefin to thelmetal.. Tk es the presence on the metal of vacant
coordination sites adjacént to the peroxide groun. Recen: Y= the efficient cleavage of the
CH,=CH, group of it \ out with hydrogen peroxide
and small amount of O:I acac); eq : ‘

ﬂu;@w&mw)ﬂgm
ammﬁimu WerBRBE

% selectmty 74%

eq8

1.3.2. Chromium carboxylate class, Cr(OOCR);
Chromium carboxylates have usaully been examined with the aim of obtaining

soluble catalysts in organic substrates or solvents. The most considered being



chromium(III) stearate [8,9]. The chromium(lIl) acetate has been less investigated; where
as, chromium(lIl) trifluoroacetate, chromium(Ill) naphthenate, chromium(IIl) octoate

have been rarely used.

A. Chromium(III) stearate

Chromium(IIl) stearate has been employed to promote the autooxidation of

alkanes, alkene, primary, secondary @ nd zylic carbons. Chromium(III) stearate used in
conjunction with alkyl hydre ‘ examined as an oxidizing agent for
transformation of alkanes 80°C — 125°C (eqs 9 and 10) [8,9]
OH
O
1
18 20
5.2%
QOH eq 10

1.3.3 Chromium (IIDS
These compleie

1:" " for oxidation of alkenes by
PhIO [10,11]. RecBly . . pertie of (salen)Cr(H,0),Cl and
(salen)Cr(ONO)(H,0) fpr oxidations with, NaNO, under aerobic and anaerobic

conditions hwﬂ»%d E}nﬁ'} W%ﬁew &}é}(ﬂ ?hlle the epoxidation of

styrene, and stilkene were achieved i ‘p low yields WIth poor convers1ons and with some
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(salen)CrX o

32 33 34
X = (ONO)(H,0) / MeOH 26°C, 7h X = (H,0),Cl/ H,0 RT, 5h

eqll



1.4 Chromium (VI) as catalyst

The association of a Cr(VI) complex with oxygen donor began while ago. The
CrO; complex always has been used in chromium(VI)-catalyzed oxidation. The
CrOs/TBHP system oxidizes benzylic [12] (eq 4), allylic [13] and propargylic [14]
carbons with fair yields at ambient temperature. The oxygenation of double bonds does
occur when there are no more available allylic hydrogens. Oxidation of primary and

secondary alcohols to carbonyl co

peroxide was added to a ichloromethane, the metal oxide was
solubilized and the solution.tuthed B - olor. This implies that the active
» intermediate was ruled out [15].
A tert-butylperoxychromium (v mplex (A) -/ 8. as a reasonable intermediate. In
rmal oxidation state of Cr"' is
maintained throughout thgfca eycle-(Scher 6]. Interaction between A and
the alcohol forms the# #butyiperoxy-chr intermediate B which evolves the
carbonyl compound ang O i recs ‘ \ own in Scheme 1.3.
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_/Tﬂ

AUt AN SN

eme 1.3 Chromium (VI)- catalyzed oxidation of alcohol
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Alcohols are a particularly important class of organic compounds because the
hydroxyl functional group is transformed to other interesting functional groups.
Oxidation of alcohols leads to ketones, aldehydes, and carboxylic acids. These functional
groups undergo vast variety of additional reactions. Therefore, oxidation reaction of

alcohols are some of the most important and common organic reactions.



1.5.1 Oxidation of primary alcohol
Primary alcohol can be oxidized by various oxidants to aldehyde; however, it can

be easily transformed further to give carboxylic acid.

o] 0

PN

R "H R™ 'H R” "OH

1.5.2 Oxidation o.t secondary alcoh

Secondﬁ %Ejﬁ} ?’i %ﬁﬂ]ﬁ W\E}qlﬁ b%’vanous oxidants.
amaﬂnjwmq'amma

secodary alcohol ketone

A mild and efficient oxidation of alcohols with o-iodoxybenzoic acid (IBX) catalyzed by
B-cyclodextrin in a water/acetone mixture has been developed. A series of alcohols were

oxidized at room temperature in excellent yields of carbonyl products (eq 13) [18].
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B-cyclodextrin, H,O/acetone
RT 96 %

1.6 Oxidation of alkene |
Addition of oxygen at'e: - L d0Lple bonds by high oxidation state metals
such as permanganate [OW"ERA Osmium te nder mild condition potassium

permanganate can conve e cyclic mangaese ester is an

intermediate in this oxidatj hydrolysns (eq 14).

R._H 20 R _OH
o Jupt

R™ H OH" R/ "OH

cis-diol
However, potassiu .u.,;'.'.-,_:-; ....... apable of further oxidizing diol with
cleavage carbon-carbon bond u -J”---:-':::; ndition. It is also possible to employ
permanganate oxidatign in anic solvents aasegtransfer agents. Studies with
cyclododecene ; hat mi ot {"[ nes, ketols and diol were

be effected by the amount of

obtained but that the of the iy

oxidant loaded (eq 15)
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€benzebene
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Osmlum tetroxide is a highly selective oxidant giving a stereospecific addition
affords cis-diol (eq 16) [20].

R_H R o o RT ow

I[ + 0sOy — j: o — . j: eq 16
7 N\

R™ 'H RH O O RH OH
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This reagent is expensive; however, this drawback can be overcome by

procedures that use a catalytic amount of osmium tetroxide.

1.7 Oxidation of allylic position
Carbon-carbon bonds, besides being sensitive to addition of oxygen or cleavage,
can also react at allylic positions. Among the transition metal oxidants, chromium reagent

is the most satifactory for allylic oxidati

eq 17
The heterogenous :-*? ' . ‘ ) osphate 5 (CrOAP-5) by using
tert-buthyl hydroper : ;ﬁs ﬁ“ ? \ _\: place of pyridine has also
found to be effective L corresponding a,B-unsatusated carbonyl
compound (eq 18)[22]. g
eqi8

I
|
|

: I
There are severa ‘species of mechanistic evidenclucidative that allylic radicals

or cations are termedﬁt& in_these_oxi E‘:'lh “C_in cyclohexene ring is
distributed in t&{) ﬂ )i at a symmetrical allylic
intermediate is |mlolved at the same sgate [23].

ammn‘im umammaﬂ
=== O
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1.8 Literature review on chromium catalyzed oxidation of organic substrates

There are several catalytic systems that could provide excellent yield of desired
product with good selectivity, particularly these catalyzed by chromium complexes as the
catalyst in oxidation reaction.

Recent reports on chemical literatures found that numerous catalytic oxidation
systems have received intensive interest and have been developed. Those systems were

usually used chromium complexe

A ”/st in the presence of various oxidants in

catalysts including chromi : ate in Order t0"catalyze oxidation of hydrocarbons

organic solvents as the reactio

and alcohols to car various oxidizing agents; 1-

methylcyclohexyl hy xide, oxygen and air. These
products were believed

In 1999, Muzart

of alkyl hydroperoxide [8,9].
p ed the use of chromium trioxide
catalyzed oxidation .‘--w‘- oy using TBHP and cumyl
hydroperoxide as oxidanfs. sfobservedithat TBHP showed a higher performance
oxidant [24]. L

In 2000, Adam and his AU ted the use of catalytic amount of
chromium(III) 'I:i’-—" ----------------- ___,_.,_,,_,.,.y. of various alcohols to

v £

reaction was carried jl under mild condition. Allylic¥alcohols with fully substituted

carbonyl compound the oxygen source. The

double bonds gave an ciatable amouft of epoxides besides the C-H oxidation
products enonﬁ Q i

&wuegm Ahhol bk U feai s 29

Chaudhuri  apd co- workcﬁl present  tgtramethylammonium

o B RYEYHRT DT} ViV o e

preparedffrom chromium trioxide, 3,5-dimethylpyrazole and the solution of HF. It was
found that the yield of product was high but the reagent have to apply in stoichiometric
amount [26].

In 2002, Lou and Xu developed a new catalytic process using chromium trioxide

in the absence of extra solvent. It was observed that primary alcohols were transferred

into aldehydes in high yield and good selectivity [27].
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In the same period, Fuchs and Lee reported the chemospecific oxidation of C-H
bonds at — 40°C catalyzed by chromium(VI) complex using periodic acid as oxidant and
acetic anhydried as solvent. The substrate could be functionalized to alcohols in moderate
to high yield with good selectivity [28]. In addition, Songsangcharoen reported the use of
transition metal complexes catalyzed oxidation of cyclohexane to cyclohexanone with

various oxidants. Chromium(IIl) stearate was the appropriate catalyst for cyclohexane

ted y f catalytic amount of chromium (III)
1 Icohols with periodic acid using

acetonitrile as a solvent. If Obseiveg hatjalcohe e converted to aldehydes and ketone

oxidation using TBHP as oxidant [29]
In 2003, Xu and Trudell

acetylacetonate, [Cr(acac

in excellent yield. The rez perature and the reaction time
required was short [30].

This research fo < elective catalytic oxidation of
natural product substféte p=ionone, menthol, cholestanol,
cinnamyl alcohol, a-te 1ese can be oxidized into their
corresponding oxygenated' cq > is d , ) e important precursors for a number

of pharmaceutical, perfumegy apg ¥

1.6 The goal of this  I'gs

The purposes Ys 1"‘ e following task.

1. To prepare and | gharacterize chromjum stearate complexes.

BT NEART» o s

cat sts.

AT T IO Y TR s o

4. To study the chemo- and regioselectivity of the developed catalytic oxidation

system
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